The low residue diet is commonly recommended for pre-colonoscopy bowel preparation as well as in the management of some gastrointestinal conditions including inflammatory bowel disease. There is no objective measurement for residue, resulting in poor standardisation of a low residue diet. This review examines the efficacy of a low residue diet in the management of gastrointestinal conditions. A literature search was conducted in Medline and the Cochrane Library, and eight randomised controlled trials with human subjects met the inclusion criteria. Six studied the low residue diet for pre-colonoscopy bowel preparation, the other two were conducted in Crohn's disease and post-gynaecological surgery, respectively. The low residue diet was comparable to the clear liquid diet for bowel preparation without increased side-effects. Post-gynaecological surgery, early feeding using low residue diet decreased nausea without increasing gastrointestinal symptoms when compared to the traditional feeding method. There was limited evidence on the advantage of a low residue diet over a normal diet in the management of acute, non-stenosing Crohn's disease. More rigorous studies are required to evaluate the efficacy of the low residue diet for the management of gastrointestinal conditions. In addition, substituting a low residue diet with a low fibre diet would be a more measurable and objective method to standardise guidelines both for research and therapy.
bACKGROUND AND AIM
Residue refers to the undigested and unabsorbed food in the large intestine, which is primarily made up of dietary fibre and bacteria or any gastric secretions 1 . A low residue diet reduces the faecal load and decreases bowel activity. The low residue diet has been recommended in the management of various gastrointestinal conditions including Crohn's disease, diverticulitis, pre-colonoscopy preparation, post-gynaecology surgery and radiation enteritis. Although "low residue diet" is often used interchangeably with "low fibre diet", these two terms are essentially different. A low fibre diet (LFD) is defined as a variation of a normal diet to include less than 10-15g of fibre 2 , while a low residue diet (LRD) refers to a low fibre diet with the additional exclusion of prune juice and limitation of milk to two servings per day 3 (Table 1) . However, high residue foods may not necessarily have high fibre content such as milk which has no fibre, but can leave a residue in the digestive tract. On the contrary, foods high in fibre such as peanuts may get processed into peanut butter which can be easily digested and absorbed leaving little residue and hence faecal output.
There are several limitations to the recommendation of a low residue diet. No standard of measure exists for dietary residue, unlike fibre, which is measurable in grams and can be easily obtained from enzymatic analysis. There are also different definitions of what constitutes a LRD. Guidelines by the National Institutes of Health (US) limit milk and milk products, including cheese, to two servings a day, and allow certain raw vegetables, such as cabbage and onions 2 while the Sydney Gynaecological Oncology Group allows cheese products but limits onions 4 . Lack of standardisation of a LRD further potentiates the problems of implementation of this highly restrictive diet. Nevertheless, the LRD may be Proceedings of Singapore Healthcare  Volume 21  Number 3  2012 preferable to the clear liquid diet (CLD), which is a liquid diet that omits all solids, milk and fruit juice with pulp 5 .
This review aims to evaluate the efficacy of a low residue diet in the management of various gastrointestinal-related conditions.
MEtHODs
A search of Medline and the Cochrane Library was conducted using the keywords "low residue". All human studies up to June 2012 were shortlisted after checking for duplicity. We further narrowed our search to full reports of randomised controlled trials that were reported in the English literature. The remaining articles were reviewed and included if the studies used the low residue diet as an intervention, compared to a normal diet or alternative diets such as a clear liquid diet. We excluded articles that used exclusive enteral feeds as it did not meet our definition of a low residue diet.
REsULts
A total of 284 articles were found and were shortlisted to 168, of which 27 were full reports of randomised controlled trials that met the search criteria as mentioned in the methodology ( fig. 1 ). Sixteen of these studies were further excluded as the LRD was not used as an intervention. Three more studies were excluded as these used exclusive enteral milk feeds as their low residue diet, which we did not consider as meeting our definition. A total of eight studies fulfilled the criteria and were included in our review ( Table 2 ). Six out of eight studies were on the utilisation of LRD for pre-colonoscopy bowel preparation [6] [7] [8] [9] [10] [11] . One report was on management of Crohn's disease 12 whilst the last study was conducted on post-gynaecological surgery patients 13 . Only one study was performed on paediatric patients (mean age 12.5 years) 10 . Sample sizes ranged from 62-506. The types of LRD used were different ranging from self-selected restricted diets to pre-packaged test meals provided by the investigators ( Table 3) .
Pre-Colonoscopy bowel Preparation
Of the six trials that used the LRD in bowel preparation for colonoscopy, five compared the LRD to CLD when used concurrently with laxatives or enemas. The primary outcome measured the efficacy of LRD versus CLD or normal diet as part of pre-colonoscopy bowel cleansing regime. Efficacy, defined as degree of cleansing, was rated by the endoscopists (who were blinded to the groups) using Likert scales [7] [8] [9] [10] [11] or the Ottawa bowel preparation score 5 . Two of the studies found that LRD yielded a better cleansing effect than the CLD 9,10 , while the other three showed that there was no significant difference between the groups [6] [7] [8] .
Secondary outcome was to compare the tolerability and side-effects profiles of LRD versus CLD as part of the bowel preparation regime. Tolerability of the bowel preparations was also ranked by patients using a Likert scale and any associated side effects were recorded in all, except one study 11 . Patient tolerability to the low residue diet was significantly higher in two studies 6, 9 , but not significantly different in three 7, 8, 10 . Reported side-effects (for example cramping, bloating, headaches, vomiting, nausea, anal irritation, hunger or desire for food, sleep disturbance, etc.) were significantly lower in one study 10 , but showed no differences in three studies 6,7,9 . Scott et al 8 found higher tolerability and lower frequencies of reported adverse side-effects in the low residue diet group than the clear liquid diet group, however only hunger was significantly associated with the types of diet regime. In the study by El-Baba et al 10 , reported side-effects was significantly lower in the low residue diet group than the clear liquid diet group as well, although there was no difference in the tolerability of the preparation. 
Clear Liquid Diet (CLD)
A liquid diet that omits all solids, as well as milk and fruit juices containing pulp 5 Low Fibre Diet (LFD) A modification of a normal diet to include not more than 10-15g fibre a day 2 Low Residue Diet (LRD) A Low Fibre Diet, with the exclusion of prune juice and a maximum of two servings of milk a day 3
Review
Proceedings of Singapore Healthcare  Volume 21 Only one trial compared the efficacy between LRD and a normal diet in preparation for barium enema and found no significant difference in bowel cleansing between the two groups 11 . The study did not compare tolerability or side-effects between the two diets. the two groups. Even after correcting for poor compliance to the prescribed diet, the difference in the fibre intake remained significantly higher in the normal diet group and there was no significant difference in any of the outcome measures.
Crohn's Disease

Post-gynaecological surgery
MacMillan et al 13 compared early feeding of a LRD six hours post-gynaecological surgery with the traditional method for feeding (start clear liquid diet with bowel sounds, and normal diet with passing of flatus or bowel movement) and the development of postoperative gastrointestinal symptoms, including ileus. The average time to flatus or bowel movement indicating the start of normal diet in the traditional method group was 1.22 days (+0.87). The study showed no significant increase in gastrointestinal symptoms (for example pain, vomiting, abdominal distention) or incidence of ileus with the use of the low residue diet in early post-surgery feeding, when compared to the traditional method for feeding, and there were significantly fewer complaints of nausea in patients on the LRD group. There were also no differences in the mean time IV fluids were given or the amounts of pain medications given between the two groups. Neither did the total daily calories consumed on the first postoperative day differ between groups.
DIsCUssION
Our review suggested that there is good evidence for the use of a low residue diet for bowel preparation prior to colonoscopy. Five out of six studies compared LRD with CLD and three of these indicated that LRD was at least comparable to CLD [6] [7] [8] . Two studies showed that LRD was superior to CLD in the efficacy of bowel cleansing for colonoscopy 9, 10 . Considering this, and that the LRD may reduce side-effects and increase patients' tolerability, the LRD appears to be the preferable choice in increasing patient satisfaction. However, it is important to note that of these five studies, only Park 6 and Scott 8 had standardised the bowelcleansing regimes with no enemas used for both groups. The other three studies 7, 9, 10 used different laxatives regimes between the two groups of patients with enemas being used in the LRD group. The use of enemas may have positively influenced the quality of bowel cleansing with two studies showing superior bowel cleansing compared to the CLD 9, 10 . Only one study by Kember 11 showed no difference in the efficacy of LRD compared to normal diet.
We noted a lack of standardisation amongst the types of LRD used in the different studies (Table 3) although all regimes were considered low residue and were reported to have similar, if not higher patients' tolerability compared to CLD.
There appears to be no benefits of the LRD over a normal Italian diet in the management of patients with active Crohn's disease 12 17, 18 . Lastly, the lack of significant results may be due to the patients on the normal Italian diet having an average daily fibre intake of 13g, which is considered a LFD (not more than 10-15g of fibre per day). Further research is required to explore the role of LRD in reducing bowel frequency in Crohn's patients as well as in the management of patients with bowel strictures or intestinal obstruction, with or without Crohn's disease.
Patients who had major gynaecological surgery may benefit from early feeding with LRD as there was no increase in gastrointestinal complications and less nausea compared to traditional postoperation management 13 . Consumption of food postoperatively might stimulate bowel peristalsis and hence earlier return of function, explaining the decreased nausea in this group of patients. However, the LRD is also commonly recommended in the management of gastrointestinal surgery, for example, to prevent stoma blockage in patients post-stoma creation 19 . Clinical trials are warranted in the specific areas of gastrointestinal surgery to determine the efficacy of LRD in postgastrointestinal surgery management.
There are currently no studies to compare the difference between a low residue and a low fibre diet as they are often perceived to be the same. With such ambiguity over the two diets, it can be confusing and difficult to implement for both practitioners and patients. The Academy of Nutrition and Dietetics in the United States no longer recommends the low residue diet for bowel resection, ileostomy, Crohn's disease and ulcerative colitis but instead to use the low fibre diet for the management of these conditions 20 .
CONCLUsION
In summary, the low residue diet is at least comparable to a clear liquid diet for precolonoscopy bowel preparation, with some evidence for greater patient tolerability and reduced side-effects using the low residue diet 6, 9, 10 .
The study by MacMillan et al 13 suggests that the low residue diet may also be beneficial in the early feeding of postoperative gynaecological surgery. The low residue diet allows increased options of food intake over the clear liquid diet, and the fewer dietary restrictions would likely result in higher patient compliance and patients' satisfaction.
